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ABSTRACT 

To assist the ColLege Boacd Calculws Developnisnt 
CoonitteQ in arrivirig at a aeclsion regaraing the pclicy that sho\il4 
be followed in allowing th^ uss of calculators on the Ravancefl 
Plassmsnt (AP) a xamtn ations aft-^e 1980, a quest ion nairf was 
a«v«lopea. It obtains informatton frOBi seconaary schcol Biathenia tics 
teachers about the sxtant tc which calculators are uaea in calculus 
clashes, the extSTit to which coucsea are fflaaifiea fcecause of the use 
of calculators, and the cpinions oi the teachera about how the use of 
calculators on tht AP m at hfiin at ics a win at ions wouia affect studetit 
pirf ormance. 
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k Survey of the Use of 
Hand*'Held Calculators in 
Advanced placement Calculus Courais 
S. Irene Williams and Chancey 0. Jones 

Background 

Because of the increasing availability of hand-hald ealculators to students 
aC various grade levelSi the Collage Board Matheoaticfl Advisory CoTOnittee 
and ehi Collage Board Mathematicfi Devalopment Conmittees have become eKtremely 
interested in tha inipaat of the calculator on the mathetnatids ourriculum in 
general and on mathemaclca testing in particular. 

At the present tim&i oandidates are not allowed to use a calculator during 
the administration of any of the College Board mathematics examinations • This 
posicion was reached in the interest of fairneis to the majority of students 
after conflideration by the commtttees responsible for the development of the 
eKamlnationa and will continue to be reviewed as the use of calculators become 
more central to the curriculum. Until a study, or studies ^ can be conducted 
to determine when the existing policy concerning the use of calculators on tests 
should be changed , the Mathematics Advisory Comittee has adopted the following 
principlei 

^e primary purpose of the College Board examinations in 
mathematias in the Admiasions Testingi Advanced Placements and 
College^Lavel EKaaination Programs is the assessment of students - 
developed fflathetDatical skills, concepts j and abilitiea as they 
* re late to probletti solving. While some problems involve basic 
skills of arithmetic 1 the incidental computations are not tedious 
md can be easily accomplished without the use of a calculator. 

Consequantly I because calculators or other computing devices 
are not germane to the primary purpose of the present mathematics 
examinations, the use of calculators is not permitted at this 
time. 



In recoimnending that the use of calculators on the eKisting eKaminaciofls not 
be allowed, the Committer took into consideration the following factorfli 

(1) Not all students use calculators| those who doi uie 
calculatori that vary considerably in cost and sophtstlcation* 

(2) EKiating College Board eKaminations were developed without the use of 
calculatora in mind. Before the present policy can be changed, 
examinations will have to be developed with the presumption that 
calculatprs will be used, 

(3) As a first step, relevant data should be collected for eKisting 
examinations baaed on their administration with the use of 
calculatora permitted* 

Of immediate interest was the policy regarding the use of calculatora on the 
Advanced Flacenient (AP) examinations. Battery operated calculators may be used 
on the AP Physics and Cheniistry examinations but not on the AP Mathematies 
examinations. The following statement , which appears in the Advanced naceffleiit 
Gourae Description in Mathematics 1979-80, reflects the current opinion of the 
College Board Calculus Development Committee i 

The Development Committee is aware of the increasing avail- 
ability to students of calculators and other computational devices * 
At this time the Coraaittee does not believe that the use of a 
calculator or a similar device provides either a significant 
advantage or diaadvantage to candidates taking the eKaminations. 
Therefore, calculatora^ slide rules, and reference materials 
may not be used in the examination room during the testing period* 

The Coitoittee periodically reviews and reevaluates this policy. To aiiist 
the Comnictee in arriving at a decision regarding the policy that should be 
followed after 1980, the authors of this report developed a questionnaire (iee 



Appendix A) to obtain information from secondary school tnathematics teachers 
about the extant to which calculatofi are used in calculus claseea, tha eKtent 
to which coursefl are modified becaufle of the use of calculatera, and the opiniona 
of the teachers about how the use of calGulatora on the AP Msthematics examinatioris 
Calculua AB and Calculus BC, would affect student perforraanee. The questionnaire 
was aent in April 1978 to secondary school mathematicfi department chalrpersona in 
the United Statea and abroad. The College Board Calculus Development GoBmtttee 
will use the survey results summarised in this report along with other available 
inforraation in deciding whether the current policy on the use of calculators on 
the AP calculus examinations should be changed at thia time and new tests 
permitting the use of calculators should be developed » These new teats should 
measure problem solving ability and knowledge of concepts with awareness of the 
use of calculaCora in the curriculum and on the examinations. 

Procedure 

Becauae the major concern addressed in this survey dealt with the Advanced 
Placement ExaTOinations in Mathetoatios, the questionnaire was sent to fflathematics 
department chairparsons at the 2402 secondary schools that had 5 or more studenta 
taking an Advanced Placement examination in May 1977* 

In an attempt, to maximize the number of returns i the queitionnaire was 
mailed to departttent heads juat before the administration of the AP eKaminattona 
in mid-May with a request for their return by May 25, 1978. Returns were recelvad 
from 1547 schools, 64,4 percent of those receiving queationnairas. Responses 
were received from schools in 45 states, the District of Columbiaj and 17 foreign 
countries. 

The firtit sevec? questions were machine^scorable , A separate response 
sheet contained an open-tended queition and provided space for additional cOBonent a 
or suggestions • 
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Result a 

The reaulta o£ this study can be summariaed by considering the responaes to the 
questions that wer^ posed in the questionnaire. The results of the queations are 
baaed on the 1403 responaes that were machine scorablei the reciaining responses 
were either incomplete, unprocessable, or received after the data were compiled. 

Question 1 . Select every atatement belo^ that describea the use of hand calcu^ 
latore in your AP calculus claaaes. Hand calculators are 

Mumber Percent 

(A) NOT permitted for any purposes, 128 9*1 

(B) Permitted for use in doing class- 

work. 833 59.4 

(C) Firmitted during some but not 

all teats, 421 30.0 

(D) Permitted during all tests* 313 22*3 
Total not responding 



27 1.9 



Total selecting one or more of 

B, a, and D 1248 88.9 

Of the total group of 1403 respondents, 1248, or 88,9 percent, indicated that 
they permitted some use to be made of the calculacor in their calculus courses; 
whereas, only 128, or 9.1 percent, indicated that no uee of the calculator was 
periaitted. 
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Quest ion 2 . If ealeulatori are permitted in your claasi which stats- 
ment beat deacribiS the policy you have regarding hand caLcuUtors? 

Number Percent^ 

(A) No elasa time is devoted either 
to teaching or asiiating students 

in the use of calculators* 717 57*5 

(B) Soiae class tinie ia devoted to 
aisisting students in the use of calculators 
and/or in the solution of problems 

that are beat solved with the aid of 
a calculator j but the course is not 
modified to include topics that are 
particularly suited to the use of the 
hand calculator* 



413 33,1 



CC) Use of the calculator is encouraged to 
the eKtent that the content of the course 
is modified to iricluda such special tech- 
niques as the numerical evaluation of 
integrals and the "conjecturing" of certain 

limiti with the aid of a calculator, 133 10,7 



Wxhe base used in computing these percents is 1248, the number permitting the use 
of calculators. Because some respondents selected more than one option, the 
total number of responses in the table exceed 1248. 
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Well over halE of che respondgtits who permitted the use of a calculator 
indicated that no class time was devoted to teaching or assisting students in the 
use of caleulators. Approximately one-third spend some time aasiBting students 
in the use of calculators, but have not niodified their courses. Slightly more 
than one tenth had modified their couries to include special techniquea that are 
particularly suited to the use of the hand calculator. 

Question 3 . If your answer to question 2 was C, for which of the following do 
you teach special techniques that make use of the calculator? 







Number 


Percent* 


(A) 


Numerical evaluation of integrals 


109 


82.0 


CB) 


Conjecturini values of limits 


101 


75.9 


CO 


Evaluating functions 


86 


64.7 


CD) 


Solving equations 


54 


AO. 6 


CE) 


Changini coordinates 


21 


15.8 


CF) 


Other (Please specify in comment 








section of survey,) 


7 


5.3 



For three of the topics listed (numerical evaluation of integrals ^ conject- 
uring valuas of limits, and evaluating functiona) , conaiderably more than half of 
the respondents who had modified their courses to make use of the calculator 
indicated that they taught special techniques for these topics , slightly more 
than 40 percent taught special techniques for solving equations, and only about 
16 percent taught techniques for changing coordinates. Very few indicated that 
they taught special techniques for topics not included in the list. Mong the 
additional topics specified in the comment section were SiOTpion's rule and the 
trapezoidal rule, 

*the base used in cbmputing these percents is 133, the nuniber selecting option C 
for question 2* 
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Question 4. If calculators 
atudenti use a calculator? 



are 



permitted in your 



class j what percentage of 



Number Percent^ 

(A) 100% 240 19.2 

(B) 80% to 99% 303 24.3 
(G) 50% to 79% 214 17.1 

(D) 25% to 49% 208 16.7 

(E) less than 25% 250 20.0 
Total not rasponding 33 2.6 



The responses to this question were distributed almost equally among the 
options. More than 40 percent indicated that at least 80 percent of the Btudenti 
in their classes use a calculator ^ but 20 percent indicated that less than 25 
percent use a calculator. 



★The base used in computing these percents is 1248, the number permitting the use 
of calculators. 
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Qaestioti 3. Iff ctic^Utprs a^e permitted Iti youjs clas*. are t"hey pi^ovided by the 
achocl diatrictf 



(A) Yes 156 



(B) No 1026 



totftl not respcsnding 



26 




Over 80 percent of th« t eaciiers «ho p&mit Che us^ of caLciilatOra indicated 
tttat ealcmalatoirs a.ri no* pto^ride^ br th« sc-hod district, altlxoiish che responies 
to qtJtstioii 4«^ouLd «e« to Lnditfate that nmany, if Mt most, stiidencs enrolled in 
a calculus course ha*e access to a calcwlati or . 



base used in cowpu-tirti cliie* p©rcei!ts is 1248, ttmg iiumbeE pemitting the' vie 
of calcuulaCortf . 
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Ou^8t=i(^ng 6 Jnd 7> Both the laitfipK-choice atid fr^e-^esponse queetions oxi the 
1^ cslcultJi «Hamina^lani ire desili^ed to raim^ue tlii -^meunt of arithmetical 
eomputaticn. The o-piriiorteof the Developraeat ^onOTitcse im chat the use of ciUu» 
Utora oa the pteiSTit exfcdn^tio^s ^o^ld not ^ppE'ec iab affact individu^L 
student p^rf ormtnce , 

If tbe current policy w^ra ^hftfl^ggd to alLow the u se of calculators, in 
ya^r opmion. what feff^et wouBd t^^^ ^^^^ tl^e perforTOUce of your stud^ats citi 
tii€ examinations as. tHey are pre^e^tly cens tituted? 

NSE^ Pgrgint ^^rab^r Peccant 

(>) Studeiit perforiman.ee 

^ould be sl|ni£i-^ - , 

cantU bitttr i69 5^1 

{3) Student pexfor^flrLee 

would be about th^ 

(d) Student pexforiciaa^e 
Wuld be signiffi^ 



IZJ? 92.2 1033 92.7 



J5 2.6 21 L.9 



1114 



Total tioc respcndinig 



62 289 



Over 90 percerat of tlios.? sporadtflg to tWes-e qtiestions Indicated that 
scudeiit perfiornance »fl emthert ex-afntnac loTi w-oul-d ab^ut the same Tegardleis of 
wtjettiex or taot caleuLatottB w<^m pataiicte^. 



Question 8 . Approxlnfttftljr how nany studenta in your school are cu*rantly enrolled 
in an AP Calculus course? 



number of 
Students 


Wuatser of 


Pefcent of 
RespondenCs 


i— 10 




21 A 


11-^20 




3k, I 


21^30 


4C f 


20,5 


31-40 


i 


9,5 


41-50 


i e 


4 6 


51-60 


"H^ 


3,0 


61-70 


20 


1 4 


71-80 


14 


1.0 


81-90 


4 


0.3 


91-100 


7 


0.5 


110 


1 


0.1 


200 


2 


0.1 



The approximate number of students enrolled in a calculus course in the 
second.ry schools that responded rangad fron 0 to 200, with 50. or 3.6 percent, 
of the respondents indlcattni that ehera were no itudents enrolled in a calculug 
coursa. The most frequently ispOrted numbar o£ enrolled students was 20. Three 
fourths of the Bchools had 30 »r fewer atudents enrclled in calculus courses. 
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Cpitiments ; 

Each of the reaponse sheets received wis read by one of the authors, and thi 
eomnants coriceming calculators* mm recorded and the^ grouped according to 
thm prittary iritent of the corratients. The thrugti □£ these cotaments fall into 
three ma j^r categoriei * opposes the use of calculators (that isj support a 
present policy)* favors the use of calculators^ and accepts the use ot calculatoxa 
under eercain conditions, Xha results of these comnants are suMiarlced below, 

Coiments Opjpglng the Use of Calculators o n the A P Hathematici EKamnationa 

Cogfflent Made Number 
Opposed CO the use calculatora 

on the AP eKaTOinatione 152 
Calculators are a hindrance to the 

student , 51 

Gurrant policy should be contiriued 387 

CoTOiajitg Favpring the Use of Calculators on the AP Mathematics EKanitiationa 
Cogent Made Number 
Fav"or us© ot calculatDrs 



*Co™aTita which were not directly relatfid to use of hand calculators are not 
includBd in Chis report but have been directed to the Advanced PlacetnenC Pror 
Director for consideration. 

IS 



Coim^entj tndicaclny pQgiib lfe Acceptance of the 
US€ of Calculaco yg Undar C&rtain Cotiditioni 

COmflint Made ■ Nurober 



tf permitted, should be 
used only on the f^ee^ 
rBspoaae section . 
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permit cbe use of calcu-- 

latota only if all stu"' 

denta uae the same type* 3A 

If pertnitteds guidelines 

must be established. 5A 

4 study should be conducted to 

decatmine the impact ol 

the use of calculators on 

the e^cafliinatiotis , 37 

Raspondents who opposed the uaa of calculators on the eKamtnstiona eKprasied 
tm main concerns; on& concern was primarily pedagogleal and tha other iwolved 
the variety and levels of sophistication' of calculators and the difficulty of 
flionitoring the types used. Respondanca who favored the use of ealculttors thought 
thEt the tests should Keep up v^ith the times, that calculators ar© aNrailable and 
ate being used by a majority of the flWdents, and that pTohibieing t\m%t use on 
the aKa«tnationi Is a disadvantage , m least psychologically, to students who 
Tegularly make use of thein. The ratio of the number stating opposition to the 
use of calculators to the nunbef favoring their use was approximattly 3 to 2* 



Ic is iiitersatlng to tiotm that 387^ or approximacily 25 per cent of thoyt 
ffespanditagi voXuntarily Itidicattd that the cufrent policy ihould be continued* 
5ftiis 0piaica was the moat frequently ifiade coiment exprcaaed on the raapons# ih^et 
And ffladp by motm than thiag times wany as made a cotment favoritig the 
of the culculaCDT. 

the woat fraquantly made coMent coiieernttig . acceptance of tha use of c^l^ 
cultCoti uiideif certain conditloni was nade by 54 reapomdenta and indicated a mmi 
tot Chs astabiiihment of guidellnei if caLculatoM wera to be pamitted. Vh^^e 
femponimtm exprassad some of the iame cancertis tKpressed by thoia i^hn oppOitd 

«ge at ^aleulatDrs - the problem of gone acudants having aophis ticsted ot 
pro|ff^M^ble calculators and othera having leis Qomplex ones and the need fot ^ 
poli^cy ?agarding the kinds of calculatoiea' that could be uaed and ways in wbi^h 
Cb^i^ uaa c^uld be monitoied, ' 
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Suiiunary» Ccttcl'uslons, and ReRommendafcions 

The responses t© the questiona posed on tha questionnaire uied in this survey 
indicate Chat* 

(1) Altliough aliaost 60 percent of the taacliers permit the uae of calculatora tor 
classsork and approximately 50 peccent peffmic their use during some if not all 
testa, some teachers, 9.1 percent, still do not permit the use of calculanors 
for any purpose, (2) only a aaaU percentaga. 10.7 percant. o« the teachera 
have nodiCied their courses as a result of the accessibility of calculators, (3) 
over one-chird of the teacherB are of the opinion that less than 50 percent of 
the atudenta in their courses use a calculator, and (4) an overwhelming majority 
of teachers responding think that student performance would riot be significantly 
affected on either exansination if calculators were permitted. 

Of the voluntary conments that were made, the great majority favored continuing 
the presenC policy, which does not permit the use of calculators. 

The wchors of this report believe chac the questionnaire resulto strongly 
support the continuance at this cime of the preienc policy, at least until Chs 
Developinent ComniCtee obtains a better under sc and i tig of the use of calculators in 
and their effect on the curricuLum and developB appropriate examinations. This 
opinion la further supported by the results of a queationnaire (see Appendix B) 
given to students in lacondary achools in the Princeton area who had taken one of 
the AP Calculus examinations in May 1978. Mote than 90 per cent of the students 
had access to and experience in the use of a calculator. Approximately three- 
fourths of the students thought that they would not have done better on the 
examinati«tt If calcuiators had been PeroitCed, and almost 70 percent said they 
would not have uetd a calculator if one had teen provided. More than 70 percent 

-i*- 19 , ''■^.3: 



of the students thought that eaieuUtors should not be pefmitted for aithar 
section of the axaminatlon, md of those ^^ho thought that ealculators ihould be ^ 
permitted, more than half were of tha opinion that only nonprogramable calculatora 
should be alloifcd. AlthQugh this student survey was vmty limited and the results 
cannot be getieiallied to otfter typei of schools or other regions of the coiintry, 
it is likely that the availatoility of calculators to these students la at laast 
as high as in moat other partes of the country. It wuld therefore seem that the 
percentage of all atude&t& taking a culculus examination who would object to the 
use of ealculatcrs might be even greater • 

Although there appeati; to be no basis for changing the calculator 
policy at this times the situation regarding calculators seems to be changing. 
The authors of this rapott racoranecid that a survey simUf to the one reported on 
in this document be conduated in 1981 to determne whether the calculus eKaminatioM 
continue to be relevant to curriculum and educational practices before the policy 
is set for the 1983-84 eKsminations * Xn addition to the queitions asked on the 
1978 questionnaire, teacher? should be asked specif ically whether calculators 
should be permitted on AJP calculus examinations and, if calculators are perioitted, 
whether the leval of sophistication should be restricted. In addition, a student 
survey similar to the one mentioned in the preceding paragraph but carried out on 
a broader scale might fee aMdiscted at the same time to asiess student opinions 
about the approach tna£ they think would be fairest to the most students. 



April 28, 1978 



Dear Maths matlcs DepartKient Chairperson i 

The Meant rapid Inareas© in the usi of hand (pocket) electronic 
caloulatori Jby stadents has posed a serloue question for naany educators* 
Sbould the use of calculators be allowed In courses and /or examinations ? The 
Calculus Development Coinmittee whloh has the raspoaslbiUty for setting the 
Advanced Placement courae descriptions and exaDoinatlons In naathematioa 
Calculus AB and Calculus BO - would like to obtain your response to this and 
other pertinent questioni. 

The Development Committee Is aware of the availability to students of 
oalculatora and other aids such as slide rules. At this time, however, the 
us© of calculators or other devices Ib not permitted in the examination room 
during the testing period. 

Periodically the Committee evaluates Its position p^i such important Issues 
and shortly will be m^lng decisions concerning policies for the administration 
of the oaloulus examination in May 1980. In order to arrive at an iirformed 
and reasonable poUcy concernli^ the use of caloulators In the future, the 
Committee hopes that you will complete and return the enclosed questionnaire* 
We are enclosing a return envelope for your convenienoe in responding. W% mny 
wlah to Ust^ In a report of the results, the names of the schools that partlolpata 
in this survey, but we will not Identiftr specific results by schooL 

We hope you will agree to participate in this survey, and we will be happy 
to share the results with yout Thank you for your time and effort in this 
endeavor. 



Sincerely, 




Donald L* Kreider 
Dartmouth College 
Chairman 

College Board Calculus 
Development Committee 



Inelosure 
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HAND CALCUlJ^TOR SURVEY 
1978 

In order to fadllltate the tabulation of results, we are enclosing a machine-' 
scorable card for youv reiponses to questions 1-7* For each of these questions , 
darken the space that oorresponds to eaeh ohoice that you select. 

1. Select every statement below that describes the use of hand calculators 
In your AP ealculue classes. Hand calculators are 

(A) NOT permitted for any purposes* 

(B) parrcUttad for use in dolnf olasswork, 

(C) parnoltted during some but not all tests, 

(D) permitted during all tests, . 

2. U calculators are permdtted In your class, which etatement below 
best describas the policy you have regarding hand calculators ? 

(A) No class time is devoted either to teachinf or assisting students 
in the use of calculators* 

(B) Some olasa time is devoted to assisting students In the use of caloulatQrs 
and/or in the solution of problems that are best solved with the aid of 

a calculator, but the course is not modified to include topics that are 
particularly suited to the use of the hand calculator, 

(C) Use of the calculator la encouraged to the e^ent that the oontent of the 
oourse Is modified to include such special techniques as the numerical 
evaluation of intagrals afid the '^conjacturl^*' of certain limits with the 
aid of a calculator, 

3. If your answer to question 2 was for wUch of the following do you teach 
special techniques that make uss of the calculator 7 

(A) Numerical evaluation of integrals 

(B) Conjecturing values of limits 

(C) Evaluating fimctions 

(D) Solving equations 

(E) Changl^ coordinates 

(F) Other (please specify in comment section of survey.) 



(OVEB) 
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4. If calculators are permitted in your class, what percentage of students 
use a calculator ? 

(A) 100% 

(B) 80% to 99% 
' (C) 50% to 79% 

(D) 25% to 49% 

(E) less than 28% 

5. If calculatori are permitted la your class, are they provided by the 
achool district? 

(A) Yes , 

(B) No 

Both the multiple-choice and free-response questions on the AP ealoulus 
ixaminations are designed to ttliilmlze the amount of arithmetical oomputation. The 
jpinion of the Developinent Committee Is that the us© of oftlculators on the present 
ixamioatlons would not appreciably affect individual atudtnt performance. 

6, If the current policy were changed to aUow the use of oaleulatora. In 

your opinion -what effect would this have on the performanoe of your students 
on the Calculus AS examination as it Is presently constituted? 

(A) Student performajace would be significantly better 

(B) Student performance would be about the same 

(C ) Student performance would be significantly worse 

7, if the current policy were changed to allow the use of calculators, in 

your opinion 'what effect would this have on the performance of your students 
on the Calculus BO exaainatton as it is presently constituted? 

(A ) Student performance would be significantly better 

(B ) Student performance would be about the aame 

(C) Student performance would be significantly worse 



PLEASE PEOYTOE TIE ADMriONAL mFORmTION REQU1OT«ED ON THE 
RESPONSE SHEET ATTACHED TO THE MAOmKE-SCORABLE CARD 
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plic:r^!r ':- ■ RESPONSE SHEET 

8. Approximately how many stadents in your school are currently enrolled In 
an AP Calculus course ? 

USE THIS SPACE FOR COMMENTS OR SUGGESTIONS. 



I I I would like to receive a eopy of the qutstlomaire results. 
Questionnaire completed by .^....^^ 



Signature 



Name (Please print) 



Instihition^ 
Address 



Clftr, States Zlp^ 



Please RETtmN THISSESPONSl SHEET AND THE MACHINl SCOBABLE CARD 
BY MAY 25 tos 

Chancay O. Jones 

Educational Testing Service 
Prlnoaton, New Jersey 08541 
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Appendix B 
AP CaMldat© Calculator QtiestiomtWe 



Did you hava access to a calculator that you could h^e brought with you to take the 
examination ? 



as 



No 



2* J£ a calculator had been pro\rlded for your use on the examination, would you have made 

I = use of it 7 

W ' ■ 

S □ Yes □ No 

3(. Have you had any experience in the use of a calculator ? 

i Yea Q No 

4# Do you thlok you could have clone better on the examination If you had used a calculator ? 



es 



No 



Bi Which of the followl^ policies regarding the use of a calculator do you thlBk woiid be fair 
to fte moat studeiats ? (Check only one of the foUomng) 



Calculators should not be permitted for either seotlon of the examlnatloa 
j I Calotalators should be permitted for Section I only 
Calculators should be permitted for Section II only 



I ) Calculators should be permitted for the entire exanalnatlon* 

If you think that calculators should be permitted for one or both of the sections, cheek one 
of the following. 



Oriy non-programmable oaUculators should be permitted 

Either programmable or non-progranimable caloxilators shotid 
be permitted 



End of Questionnaire 
Thank you for your help 
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